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Abstract

‘Navaho’' blackberry plants were grown in sand culture for two years and
fertilized with solutionsconsisting of fivemacronutrients(N, P, K, Ca,and Mg) applied
at threedifferent rates (0 mg/l, control and 10X control). Foliar sampleswer e collected
at 4, 8, and 16 weeks after treatment initiation during the second growing season. The
10X N rateresulted in high leaf concentrationsof N and P but lower |eaf concentrations
of K, Ca, and Mg. High Pratesincreased leaf P only. The 10X K rateinhibited Ca and
Mg uptake but increased theleaf contentsof K. High Cafertilization increased Caleaf
content and decreased theuptake of Mg. The 10X rate of Mgincreased leaf M g content
but reduced the leaf content of Ca. Toxicity and deficiency symptoms were more
evident with the N, K, and Mg fertilizer treatments.

INTRODUCTION

Information on nutritional requirements for blackberry production in the Gulf Coast
region of the United States is very limited. Nitrogen is the nutrient used in largest amounts
and is often used to regul ate cane size and number in brambles (Rubus species) and has been
shown to decrease sugar content while increasing leaf N concentrations (Galletta and
Himelrick, 1990; Papp et al., 1984). Potassium fertilization has induced Ca and Mg
deficiencies in several brambles (Ljones, 1966). Potassium fertilization increased K but
decreased Mg and Znin theleavesof * Shawnee' blackberry (Spiers, 1993). Increased N plus
K fertilization decreased leaf content of Cain‘ Thornless Evergreen’ blackberry (Nelson and
Martin, 1986). Kowaenko (1981) working with *Willamette' raspberry found a positive
correlation between leaf Mg and Mg in the soil. In *Cheyenne’ blackberries, Mg and Ca
fertilization increased plant growth after two seasons (Spiers, 1987). This study wasinitiated
to determine the influence of wide ranges of N, P, K, Ca, and Mg fertilization on leaf
elementa concentrations and plant growth characteristics of ‘Navaho' blackberry on erect
thornless cultivar released from Arkansas (Clark, 1992).

MATERIALSAND METHODS

Thestudy wasinitiated June 1, 1993 at the USDA Small Fruit Research Laboratory in
Poplarville, Mississi ppi. The experiment consisted of fivemacro nutrient elements(N, P, K,
Ca, and Mg) applied at three different rates (0 mg/l, control and 10X control) (Table 1). The
control trestment consi sted of a standard nutrient sol ution consi stent with recommended rates
(Spiers, 1978). Experimental design wasasplit plot with 4 replications of thelow and control
rates and three replications of the high rate. In 1992, healthy two-year-old ‘Navaho'
blackberry plants were potted in 8 litre containers with sand media and fertilized with a
completeliquid fertilizer solution throughout the summer of 1992 and during May of 1993.
All plantswere cut back to 20 cm on May 28, 1993. Plants were grown on benchesin ashade
house (20% shade) with natural daylength and temperature. The shade house had a
transparent fiberglass roof to eliminate influence of rainfall. Nutrient solutionswere applied
daily, Monday through Friday, and all pots were flushed with water Saturday and Sunday.
Treatments 1, 2, 3, 4, 5, and 6 began June 1, 1993, and treatments 7, 8, 9, 10, and 11 began
July 1, 1993. Fertilizer solutions were mixed and stored in 190 liter barrels. A pump was
installed in each barrel. Treatments were applied using the pump, an attached hose and
nozzle. Each pot was filled to the rim with the appropriate fertilizer treatment, completely
drenching the media. Leaf samples were taken 4, 8, and 16 weeks after treatment initiation
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during the second growing season. At the end of the second year, plants were cut to ground
level and dry weight determined. Analysis of variance and regression were performed on
treatment effects. Correlations (Pearson, 1990) between elemental |eaf concentrations were
determined.

RESULTSAND DISCUSSION

Increased N fertilization resulted in linear increasesin leaf concentrationsof N and P
and decreases in leaf K and Mg (Table 2). Leaf Ca also decreased (significantly when
determined by LSD P> 0.05) with increasing levels of applied N but not linearly. Thehighest
levels of leaf Ca, K, and Mg were found when plants received O mg N/I. Plants receiving O
mg N/I exhibited stunted growth with small yellow leaves. All plantsfertilized at the 10X rate
were dead by the end of this study.

Increasing P fertilization resulted in alinear increasein leaf P. Leaf Ca was lowest
when P fertilization was deficient, but no differences in leaf Ca were present in plants
fertilized with control and 10X control rates of P. No P deficiency symptoms were evident.
Leaves from plantsfertilized at the 10X rate of P exhibited interveinular chlorosis and pale
leaf tips.

Increased K fertilization caused an increasein leaf K and decreasesin leaf Caand Mg.
Plants receiving 0 K exhibited small leaves and stunted growth and two of the four plants
were dead at the end of the study.

Increasing Cafertilization levelsresulted in alinear increase in leaf Caand alinear
decreasein leaf Mg. No other leaf macronutrients were affected by Cafertilization. No visual
deficiency symptoms were present on plants fertilized with the low rate of Cawhile leaves
from plantsreceiving the 10X Carate were small with interveinular chlorosisand had white
tips.

Increasing Mg fertilization resulted in alinear increase in leaf Mg content and linear
decreasein leaf Caand leaf K. Plantsfertilized with thelow rate of Mg remained vigorousin
growth, but leaves showed interveinular chlorosis.

CONCLUSIONS

High levelsof macronutrient fertilization resulted in increased level s of uptake of each
respective macronutrient. Leaf Ca and Mg concentrations were reduced by high rates of N
and K fertilization. Leaf N wasinfluenced only by N fertilization. Leaf Cadid not differ when
plantsreceived control and 10X control rates of P fertilizer but wasreduced by thelow rate of
P. Leaf Cawasreduced by Mg fertilization and |eaf Mg was reduced by Cafertilization. High
N resulted in severe plant damage. Low K fertilization produced stunted growth. Chlorosis
symptoms were evident in plants that received high P or high Cafertilization.
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Tables

Table 1. Chemical content (mg/1) of treatment solutions Treatment
1 2 3 4 5 6 7 8 9 10 11

Element | Chemical Control | -N -P -K -Ca -Mg 10N 10P 10K 10Ca 10Mg
N NH4NO; 100 100 100 100 100 1000 100 100 100
N (NH.),PO, 100
P (NH4),PO4 111
P NaH,PO,H,0O | 20 20 20 20 20 50 89 20 20 20
K KCl 50 50 50 50 50 50 250 50 50
K K>S0, 250
Ca CaCl,2H,0 80 80 80 80 40 80 80 80 400 80
Ca CaS042H,0 40 400
Mg MgSO,7/H,O | 24 24 24 24 24 24 24 24 121
Mg MgS0,7H,0 121

STEMY 67 67 67 67 67 67 67 67 67 67 67

Z Control = recommended fertilizer solution complete with all elements.
Y STEM =S, 14.00%; B, 1.35%; Cu, 3.20%; Fe, 7.50%; Mn, 8.00%; Mo, 0.04%; Zn, 4.50%.
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Table 2. Theinfluence of macronutrient fertilizer rates on leaf € emental concentrations of
‘Navaho' blackberries. 1994,

Treatment %

Macronutrient mg/| N P K Ca Mg
N 0 1.86 b 0.11b 1.00a 0.87a 0.35a
100 2.79a 0.13b 0.81b 0.64b 0.31lab
1000 3.18a 0.27a 0.81b 0.51b 0.25b

Linear Yx * %% * ns * %
P 0 30la 0.09b 0.78a 0.48b 0.25a
20 2.79a 0.13b 08la 0.67a 0.30a
200 3.18a 0.32a 0.88a 0.64a 0.27a

Linear ns ol ns ns ns
K 0 347 a 0.23a 0.72b 0.62a 0.37a
50 2.80a 0.13b 0.87b 0.70a 0.29 ab
500 33la 0.17 &b 171a 0.26 b 0.23b

Linear ns ns el ** *

Ca 0 3.00a 0.15a 093a 0.34b 0.69a
80 2.79a 0.13a 0.80a 0.64a 0.31b
800 291a 0.13a 0.98a 0.80a 0.19c

Linear ns ns ns * el
Mg 0 2.86a 0.14a 0.86a 0.58a 0.15a
24 2.79a 0.13a 0.8la 0.64a 0.34b
240 2.69a 0.13a 0.64a 0.38b 0.52a

Linear ns ns * * el

“Means separation by LSD, 0.05 level.

Y ns, *, **, *** Non-significant, and significant at 0.05, 0.01, and 0.001 levels, respectively.
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